Synthesis of bolaform biosurfactants by an engineered Starmerella bombicola yeast.
Bola-amphiphilic surfactants are molecules with fascinating properties. Their unique configuration consisting of a long hydrophobic spacer connecting two hydrophilic entities renders the molecule more water soluble than the average surfactant, but still allows formation of supramolecular structures. These properties make them extremely suitable for applications in in nanotechnology, electronics, and gene and drug delivery. In general, these compounds are obtained by chemical synthesis. We report here an efficient microbial production process for the fully green synthesis of bolaform surfactants. A sophorolipid-producing Starmerella bombicola yeast strain was disabled in its sophorolipid acetyltransferase and lactone esterase, which should logically result in synthesis of non-acetylated acidic sophorolipids; molecules with the classic amphiphilic structure. Surprisingly, also bolaform glycolipids were obtained, with an additional sophorose linked to the free carboxyl end of the acidic sophorolipids as confirmed by MS and NMR analysis. The obtained titers of 27.7 g/L total product are comparable to wild type values, and the novel molecules account for at least 74% of this. Bola-amphiphile biosynthesis proved to be attributed to the promiscuous activity of both UDP-glucosyltransferases UGTA1 and UGTB1 from the core sophorolipid pathway, displaying activity toward non-acetylated intermediates. The absence of acetyl groups seems to trigger formation of bolaform compounds starting from acidic sophorolipids. Hence, wild type S. bombicola produces these compounds only at marginal amounts in general not reaching detection limits. We created a strain knocked-out in its sophorolipid acetyltransferase and lactone esterase able to produce these novel compounds in economical relevant amounts, opening doors for the application of biological-derived bolaform structures. Biotechnol. Bioeng. 2016;113: 2644-2651. © 2016 Wiley Periodicals, Inc.